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1. Introduction

 In RAN #75 meeting, new Rel-15 work item of MTC enhancement was agreed [1]. According to the WID, the objective on power consumption reduction for physical channels for Rel-15 MTC is as follows:
	Improved power consumption:

· Power consumption reduction for physical channels [RAN1 lead, RAN2, RAN4]
· Study and, if found beneficial for idle mode paging and/or connected mode DRX, specify physical signal/channel that can be efficiently decoded or detected prior to decoding the physical downlink control/data channel.


Also, the agreements we have made in previous RAN1 meeting is as follows [2].
	Agreements:
· A physical signal/channel indicating whether the UE needs to decode subsequent physical channel(s) is introduced, at least for idle mode paging. Candidates for the signal/channel are:
· Wake-up signal or DTX
· Go-to-sleep signal or DTX

· Wake-up signal with no DTX

· Downlink control information
· FFS whether synchronization to the camped-on cell is assumed for detecting/decoding WUS/GTS, depending on the (e)DRX cycle length

· Design details are FFS
· Connected mode DRX is FFS


In this paper, we discuss and provide our view on new physical signal/channel for UE power consumption reduction. Also, we show evaluation results based on simulation assumption in [3].
2. Candidates of the new physical signal/channel

To reduce the power consumption, new physical signal/channel could be considered which could be used for indicating necessity of blind decoding on MPDCCH search spaces. We can consider three approaches for new physical signal/channel; “wake-up”, “go-to-sleep”, and “dynamic DRX control”. The wake-up operation can be used to indicate that there will be MPDCCH transmission during the specific duration. On the other hand, the go-to-sleep operation could be used to indicate that there will be no MPDCCH transmission during the specific duration. Additionally, new physical signal/channel can be used for dynamic DRX control. In this approach, UE could adjust its detection period when the new physical signal/channel indication is detected. For example, adjusted detection period could be determined based on its original detection period (e.g., multiple times of the original detection period). Characteristic and their pros and cons are as follows:
· Wake-up signal/channel

· Used to indicate UE to start monitoring MPDCCH
· May be used for additional purpose before MPDCCH monitoring (e.g. fast synchronization)
· Should be always guaranteed before actual MPDCCH transmission
· Go-to-sleep signal/channel
· Used to indicate that UE doesn’t need to monitor MPDCCH
· Can be skipped regardless whether desired MPDCCH will be transmitted or not
· Skipping may reduce the power saving efficiency
· Dynamic DRX control

· Used to adjust MPDCCH detection period 
· Dynamic DRX control is possible without higher layer signaling cost
· Beneficial only if the network can plan MPDCCH scheduling over multiples of original DTX period. In other words, MPDCCH scheduling flexibility of network may be restricted depending on the adjusted DRX period

3. Design principle of new physical signal/channel

3.1. New physical signal design

For the new physical signal design, whether relying or not on the external DL synchronization source other than the new physical signal is important because it may affect signal design rule and power consumption efficiency. If the new physical signal can be used to obtain DL synchronization quickly, power consumption for achieving DL synch by monitoring synchronization signal could be reduced. However, new physical signal monitoring without DL synchronization procedure can have some drawback. For example, it may require longer signal duration (or larger repetition number) than the signal design without providing DL synchronization to guarantee the synchronization/detection performance. Also, if the new physical signal contains some information, performance degradation can be significant when DL synchronization is not achieved exactly; At least Cell ID should be distinguished by new physical signal to prevent false alarm. Moreover, UE may already require to monitoring PSS/SSS/CRS for the RSRP measurement after wake up from SLEEP mode so that the UE may have to maintain DL synchronization even without the help of the new signal. In this point of view, it is preferable that the detection of the new physical signal should rely on DL synchronization from the existing synchronization source. 

Proposal 1: If the new physical signal is introduced for power consumption reduction, it should be designed based on the assumption that detection of the new signal relies on the existing synchronization source.. 

The new physical signal can be designed by using a certain known sequence. One possible candidate for the new physical signal is Zadoff-Chu (ZC) sequence. ZC sequence is well known to have a good correlation property and low PAPR property. Simply, we can consider reusing existing synch signal. However, reusing existing synchronization signal may effect on synchronization performance. To overcome this problem, some parameters of the synch signal should be changed for the new physical signal (e.g. root index, cover code, etc). However, making a good amount of additional sequences with good properties based on the existing synch signal will be challenging. Thus, reusing existing synch signal for the new physical signal may not preferable and should be considered carefully. 

Another possible candidate for the new physical signal is random sequence. For example, Gold sequence which is already used for LTE can be used for the new physical signal design. If the signal is not used for fast synchronization tracking, frequency domain random sequence can have similar performance with ZC sequence. As shown in [3], random sequence and synch signal has almost same false alarm and missed detection performance. Also, Cell ID can be represented by selecting initialization value of the Gold sequence. Therefore, as long as a sufficient randomization is provided by a random sequence in time and cell ID domain, random sequence will be a good candidate especially for its simplicity and extendibility. Alternatively, if DL PAPR property is considered to be an important criterion for the new signal, we can also consider uplink DMRS sequence for the new physical signal. In LTE, there are two kinds of DMRS sequences, which are ZC sequence based and QPSK symbol based DMRS sequence, which can be chosen by supported bandwidth. . By selecting different combination of DMRS sequences, the new physical signal can indicate its Cell ID. Also, it is well known that DMRS sequences have low PAPR property.

Proposal 2: If the new physical signal is introduced for power consumption reduction, the sequence of the signal can be designed based on random sequence or uplink DMRS.

To ensure the UE’s monitoring of the new physical signal, new physical signal should occur within the predetermined occasions. We can consider two possible methods for new physical signal occasion.
· Alt. 1) New physical signal occasions can be determined with offset value from the desired search spaces. For example, new physical signal occasion for paging can be configured before k0 downlink symbols (or subframes) from paging occasion. 
· Alt. 2) New physical signal occasion can be determined independently regardless of MPDCCH occasion. For example, bitmap representation or some parameters in SIB can be used to indicate starting subframes where occasions of the new physical signal can be configured. 
Alternative 2 may have benefit if the new physical signal is used for indicating multiple search spaces at once. However, we believe that it is common understanding that the new physical signal can be used for indicating a subsequent physical channel. In this case alternative 1 is preferable, which may configure the new physical signal occasions without additional signaling overhead. 

3.2. New physical channel design

Another candidate to reduce the power consumption of the UE is introducing new physical channel. For example, we can introduce new DCI format for the new physical channel. One possible method is using compact DCI. In this method, the number of required repetition number can be decreased by using small size DCI. By monitoring compact DCI instead of normal size DCI, power consumption of the UE can be decrease. However, scheduling restriction or UE’s additional complexity or power consumption can occur since additional search space and blind detection should be defined for the reduced size of contained information. 

Instead of compact DCI, we propose a new DCI format for the new physical channel, which has same size of format. For example, in case of paging, the new DCI format can have same information bit size and CRC length with paging DCI. Also, the new DCI can share same search space without increasing blind decoding complexity, by using different RNTI (e.g. WU-RNTI). Thus it does not require additional reserved resource. With this design, UE monitor same search space as legacy procedure and it can check two different RNTI values. If UE succeed MPDCCH decoding with RNTI value for the new DCI, than UE will interpret the contents of DCI as indicating power consumption reduction mechanism. This property makes it possible to control power consumption reduction mechanism dynamically by eNB. 

As we mentioned in previous section, DCI based solution can contain larger information than the signal based solution. For the contents of the information, monitoring of multiple MPDCCH occasions can be controlled by the new DCI format. For example, X bit information can indicate X MPDCCH occasions whether to monitor or not. This feature makes it possible that UE does not monitor multiple search spaces with single MPDCCH decoding. Also, power consumption reduction of the new DCI can be increased as the number of information bit for indicating multiple MPDCCH occasions is increased. In another way, the new DCI can contain information for the DRX cycle. Currently, DRX cycle should be controlled by RRC signaling. However, if the new DCI contains information of the DRX cycle, it can control DRX cycle dynamically and can reduce the power consumption of the UE. Figure 1 shows an example of indicating multiple MPDCCH occasion with new DCI. As shown in this example, UE monitors part of configured search space only base on the information on new DCI. 
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Figure 1  Indicating multiple search spaces using the new physical channel
Also, new DCI can control multiple UE group individually by grouping UE IDs. For example, in case of IDLE mode paging, group of UEs monitor same paging occasion at the same time. In the legacy system, UE has to decode PDSCH when it detects paging DCI at its paging occasion, even if the paging message does not aim to the UE in the end. In case of the new DCI format is used to control paging occasions to be monitored, 15+[x] bits are available depending on the system bandwidth and it can be divided multiple region to indicate multiple group of UE separately. For example, three UE group can be configured and 5 bits allocated to each UE group. Figure 2 shows on example of dividing DCI field for multiple UE group. 
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Figure 2  Example of DCI field division for UE grouping
Additionally, missing the new physical channel which contains the new DCI does not impact on a missing probability of the desired MPDCCH. If the UE miss the new DCI, UE will monitor its search space continuously without skipping search spaces. In this case, although power consumption reduction cannot be achieved, UE can work same operation as Rel-14 UE. Also, false alarm rate of the proposed new physical channel is very low because its false alarm depends on CRC length of it. It is well known that the false alarm rate of the channel which contains length L CRC is 2-L.

Observation 1: The new DCI with same format size with desired MPDCCH and different RNTI value does not require additional resource reservation and configuration for the power reduction. 

Observation 2: Missing new DCI for power consumption reduction does not impact on a missing probability of desired MPDCCH.

Observation 3: False alarm rate of the proposed new DCI depends on CRC length. 

Proposal 3: If the new physical channel is introduced for power consumption reduction, 

· The new physical channel share same search space with desired MPDCCH.

· The size of the new DCI is same as desired DCI.

· The new DCI can control multiple group of UEs separately.
4. Usage of the new physical signal / channel
In case of idle mode, it was agreed to introduce new physical signal/channel for power consumption reduction. As we discussed in a previous section, the new physical signal and channel has different feature and characteristic. Thus, pros and cons of using new physical signal or channel should be considered carefully in terms of power consumption efficiency and scenario. 
On the other hand, there was a concern that introducing new physical signal/channel would not reduce the power consumption efficiency in case of connected mode DRX. In case of the new physical signal (especially wake-up signal), power consumption of UE could be increased when the MPDCCH is transmitted frequently. If UE have to monitor and decode both wake-up signal and MPDCCH frequently, the power consumption efficiency can be decreased. In the worst case, UE which monitors wake-up signal could spend more power than the UE which does not support wake-up signal. However, the new physical channel which is proposed in the previous section does not spend more power than the legacy UE operation. In the worst case where even MPDCCH skipping does not occur during the connected mode DRX, power consumption of the UE which monitors new physical channel is same as the one of the UE with legacy operation. Thus, introducing new physical channel is preferable in connected mode DRX mode.
Proposal 4: Consider both new physical signal and new physical channel for idle mode paging.
Proposal5: Introduce new physical channel for connected mode DRX.
5. Conclusion
In this paper, we discuss and provide our view on new physical signal/channel for UE power consumption reduction. The proposals and observations are summarized as flows.
Proposal 1: If the new physical signal is introduced for power consumption reduction, it should be designed based on the assumption that detection of the new signal relies on the existing synchronization source.
Proposal 2: If the new physical signal is introduced for power consumption reduction, the sequence of the signal can be designed based on random sequence or uplink DMRS.

Observation 1: The new DCI with same format size with desired MPDCCH and different RNTI value does not require additional resource reservation and configuration for the power reduction. 

Observation 2: Missing new DCI for power consumption reduction does not impact on a missing probability of desired MPDCCH.

Observation 3: False alarm rate of the proposed new DCI depends on CRC length. 

Proposal 3: If the new physical channel is introduced for power consumption reduction, 

· The new physical channel share same search space with desired MPDCCH.

· The size of the new DCI is same as desired DCI.

· The new DCI can control multiple group of UEs separately.
Proposal 4: Consider both new physical signal and new physical channel for idle mode paging.
Proposal5: Introduce new physical channel for connected mode DRX.
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7. Appendix.
Table 1 Required repetition number for wake-up signal and new physical channel in NB-IoT
-  False alarm = 1%
	Number of Rep.
	MCL 164dB & NF 9dB
	MCL 154dB & NF 9dB

	Wake-up signal
	256
	16

	NPDCCH
	512
	32

	NPDSCH
	512
	32


-  False alarm = 10%
	Number of Rep.
	MCL 164dB & NF 9dB
	MCL 154dB & NF 9dB

	Wake-up signal
	128
	8

	NPDCCH
	512
	32

	NPDSCH
	512
	32


Note: required repetition number for wake-up signal is defined as minimum required repetition numbers which satisfy 1% and 10% false alarm rate and has smaller missed detection ratio than 1%

Table 2
Power consumption efficiency with wake-up signal in NB-IoT
-  False alarm = 1%
	
	MCL 164dB
& NF 9dB
	MCL 154dB

& NF 9dB

	Without counting additional power consumption for synch
	59.09%
	71.39%

	counting additional power consumption for synch
	59.19%
	83.46%


-  False alarm = 10%
	
	MCL 164dB
& NF 9dB
	MCL 154dB

& NF 9dB

	Without counting additional power consumption for synch
	37.77%
	62.04%

	counting additional power consumption for synch
	45.87%
	78.06%


Note: The power consumption efficiency metric is derived by [image: image4.png]


 where PCANDIDATE and PREF are power consumption of the wake-up operation and power consumption of the legacy operation respectively

Table 3
Power consumption efficiency with new physical channel in NB-IoT

	Number of indicating POs
	MCL 164dB
& NF 9dB
	MCL 154dB

& NF 9dB

	1
	53.36%
	75.02%

	2
	36.59%
	60.10%

	3
	27.96%
	50.19%

	4
	22.70%
	43.12%

	5
	19.15%
	37.83%


Note: “Number of indicating POs” means that the number of paging occasions which can be controlled by the new physical channel.
